A new method to incorporate qualitative knowledge in semiqualitative systems is presented. In these systems qualitative knowledge may be expressed in their parameters, initial conditions and/or vector fields. The representation of qualitative knowledge is made by means of intervals, continuous qualitative functions and envelope functions. A dynamical system is defined by differential equations with qualitative knowledge. This definition is transformed into a family of dynamical systems. In this paper the semiqualitative analysis is carried out by means of constraint satisfaction problems, using interval consistency techniques.
Introduction
In engineering and science, knowledge about dynamical systems may be represented in several ways. The models constructed for studying them are normally composed of qualitative as well as quantitative knowledge. Models which only incorporate quantitative knowledge (quantitative models) have been well studied. The techniques developed to analyse and simulate are well known, too.
On the other hand, a great variety of techniques have been studied for representation and manipulation of qualitative knowledge, such as algebra of signs, interval arithmetic, fuzzy sets, and order of magnitude reasoning.
The knowledge composed of quantitative and qualitative knowledge is known as semiqualitative. Real models contain quantitative, qualitative and semiqualitative knowledge, and all of them need to be considered when they are studied. Therefore, sometimes it is necessary to solve conflicts on the request of accuracy and flexibility. The models of dynamical systems should provide different levels of numerical abstraction for their elements. These levels may be purely qualitative descriptions [7], semiqualitative [1], [5] , numerical based on intervals [14] , quantitative and mixed of all levels [6).
In the sixties, the methodology of system dynamics was proposed. It incorporated qualitative knowledge to models by means of variables and quantitative functions suitably chosen. But, it is not until the eigthies when the interest for studying qualitative knowledge independently of its quantitative representation emerges. This interest appears around qualitative simulation [7] , and qualitative analysis [11] . Mathematical concepts of quantitative analysis of dynamical systems have been applied into qualitative simulation and analysis (see [8] ).
Qualitative methods for studying dynamical systems began at the end of the last century, by the French mathematician Henri Poincare. The subsequent evolution of these works has originated the qualitative theory of dynamical systems. In [10] the techniques to carry out the analysis of the qualitative models were introduced, that is, the study of equilibrium regions, stability and bifurcation points.
In this paper, the qualitative knowledge is represented by means of real intervals, continuous qualitative functions and envelope functions. The intervals include all the real values where the qualitative label of such magnitude is found. A continuous qualitative function stands for a family of functions defined by means of landmarks. An envelope function stands for a family of functions included between a real superior function and an inferior one.
It is also presented A method to transform semiqualitative models into a constraint network is presented, as well. The interval constraint satisfaction problems are solved applying consistency techniques [3].
Semiqualitative models
A semiqualitative model is represented by «P (:i:, x,p) , «Po (p, xo) (1) being x the state variables of the system, p the parameters, :i: the variation of the state variables with the time, «Po the constraints in the initial conditions, and «P the constraints depending on :i:, x and p. They are expressed by means of the operators defined in the next section. They are composed of variables, constants, arithmetic operators, functions, qualitative functions and/or envelope functions. Therefore the equations (1) stand for a family of dynamical systems depending on p and xo.
The integration of qualitative knowledge is made by adding constraints to the network. They are constraints combined with 'and' and 'or' operators. This representation will help us to obtain the behavior of the system if we apply an appropriate algorithm to solve the resulting constraint network (see [3] ).
Representation of qualitative knowledge
We shall focus our attention in dynamical systems where there may be qualitative knowledge in their parameters, initial conditions and/or vector field. They constitute the semiqualitative differential equations of the system. First, we need to take into account that the representation of the qualitative knowledge is carried out by means of operators. They have associated real intervals. This representation provides the following advantages: easy integration of
